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ABSTBACT

\&his thesis examines the interaction of cash flows in
the ccnstruction and cperation of child care centers. The
cash flows under government operation are examined and
compared with the cash flows wvere the center operated by a
private contractor under a lease agreement. Background
concerning general public and private leasing agreements is
provided. For the cash flow analysis a net present value
model is generated using a commercial interactive computer
progranm. Sensitivity analysis by varying input parameters
and risk analysis utilizing Monte Carlo simulation are
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I. INTRODUCTION

Leasing is a standard methcd of acquiring needed assets
and services in both the private and public sectors. This
thesis examines three aspects of the lease-or-buy decision:
1) reasons leasing is used in the public and private
sectors, 2) mathematical models currently used, 3) analysis
of a rractical example usiang a recommended model.

Traditionally, leasing has been used by private industry
as an alternative to large capital investments. Background
research in this area indicates that a nev motivation has
emerged as the primary reason to lease. As a result of
recent changes in the federal tax code, 1leasing prcvides a
means by which private industry can sell tax credits. Tris
sale of tax credits has allowed industry to pay for needed
assets at an effectively lower interest rate than they could
normally receive from traditional lenders.

The reason for leasing in the public sector is explored
at the local nunicipality and Federal government levels.
The justification fcr leasing at the local level is quite
different from that at the Federal level. At the local
level, governments act much like private corporations. By
selling their assets to private companies, local governments
gain the benefit of tax write offs. In effect, the local
government is subsidized by the Federal Government. At the
Federal 1level, 1leasing is justified as a cost-effective
nethod of doing business. However a detailed analysis of
the standard cost effectiveness methodology reveals some
inconsistencies that change the outcome of the analysis.

In toth the private and public sectors the lease-buy
option is an economic choice ‘involving two or more alterna-
tives, To evaluate various alternatives in a uniform and
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consistent manner, capital investment =models are used.
Models currently used in private industry and at the Federal
level are presented. The strengths and weaknesses of each
are explored and critiqued.

As a practical example a lease agreement for a child
care facility is revieved. Based on the requirements of the
contract, an estimated cash flow is calculated for oreration
using governaeat *in-house" assets and using private
contractors. The estimated cash flow is used as an input
parameter and evaluated using the wmodel curreantly recom-
mended at the federal level.

Sensitivity analysis is conducted to measure the respon-
siveness of the output to changes in each paranmeter. This
is accopplished by varying each parameter individually while
holding all other parameters constant. Kisk analysis using
Monte-Carlo techniques is conducted to determine the effect
on the outcome based on probability distributions for the
individual parameters. To perform Monte-Carlo simulation,
each farameter is given a estimated probability distribu-
tion. From each distribution, a random variable is selected
and used to calculate the output. Ali outputs are plotted
and from this a distribution function for the output is
estimated.

10
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II. LEASING IN THE PRIVWATE AND PUBLIC SECTOR

A. CUBBENT SITUATION

The Federal Government deficit is growing at a alarming
rate. In 1970, the Federal Government spent 1395.7 billion
dollars amd incurred a 2.8 billiom dollar deficit. By 1984,
the Federal Budget had increased to 853.8 billion dollars
and the deficit had climbed to 183.7 billion dcllars. The
Federal 1985 Budget is 910.5 billion dollars while the
latest deficit estimate is 185.1 billion dollars. Tabular
presentation of these figures further illustrates the impact
of the deficit (see Table I). As a percentage of the annual
budget, the deficit has ballocned from 1.4 percent in 1970
to 20 percent in 1984. [Ref. 1: p. 304]

TABLE I
BISTORICAL BUDGET TRENDS (IN BILLIONS OF DOLLARS)

FISCAL TOTAL PERCENT TOTAL DEFICIT AS
YEAR BUDGET OF GNP DEFICIT A PERCENT
CF BUDGET
1970 195.7 20.0 2.8 1.4
1584 910.5 24.0 185.1 20. 4

Furthermore tne Gcvernment's share cf the Gross Natiornal
Product (GNP) is increasing. In 1970, total outlays by the
Federal Government represented 20.2 percent of the GNP. The
1984 Government total outlays represented 24.0 percent, an

11




increase of 15 percent [Ref. 1: p- 304]. The increasing
deficits are putting Congress and the Administratioa in a
situation where one of two courses of action may Le taken:
Either taxes must be increased or spending decreasegd. The
current Administration bhas puklically stated that it will
not increase taxes [Ref. 2: p. m-7]. Thus the only alterrna-
tive appears tc¢ be to reduce sfpending.

Ramifications of the large deficits are as yet unknown,
but the concern over the current situaticn has resulted in
intense attention and scrutiny of all government spending
with rarticular emphasis on the increase of productivity in
government operations.

Although the military portion of the budget is nost
often cited as a causative factor, other programs also
contribute to the deficit. The human resources pcrticn of
the Ludget, which includes such areas as education,
training, employment bhenefits, social security, welfare, and
medicaid represents a major portion of the budget.

Efforts to reduce the nonmilitary portion cf the budget
are subject to very strong political considerations.
Elimination or reducticn of benefits have a direct and imnme-
diate impact on constituents in congressional districts. It
is very unlikely that a representative will vote on a bill
that eliminates benefits for vcters in his district until a
"fair and equitable" political solution can be reached.

The defense budget doesn't have quite the same impact on
voters. Probably the biggest direct impact on constituents
occurs when a military base is closed in a particular
congressional district. Base closure have apfparently beern
used Ly Casper Weinberger, Secretary of Defense, as a polit-
ical 1leverage tool in speeding up the approval of the
defense portion of the budget [Ref. 3: p. 25]. However,
other pcrtions of the Ludget, such as Military Construction

{MILCCN), do not have a direct impact on most voters and can




be challenged with less likelihood of a negative backlash by
constituents. The military construction program is itself
only a very small pertion of the total Defense Budget,
constituting only 1.5 percent of DOD spending in 1984
(Bef. 1: p. 331]. Nonetheless, this is a portion of the
budget where Congress has shown interest in reducing costs.
Currently the Navy uses MIICON funds to acquire new real
property assets. In an effort to reduce costs associated

[~ with PILCON, Congress is carefully examining and testing the
. idea cf leasing such assets rather than buying them. On a

.. test basis, Congress has ordered that all three services

A examine the option of leasing at least one child care center

E in Fiscal Year (FY) 1985 [Ref. 4: p. 86].

b B. LEASE DEPINED

55 Given the many general uses of the term ‘'lLease', two

f_ definitions, the accounting definition and the legal defini-

ii tion, are helpful 1in ensuring a full understanding of the
term as used in this fpaper.

; A lease in the accounting context is defined as

3

9

An agreeaeant conve;ing the right to use property, plaant
or e€quipmeant (land and/or depreciable assets) usually
for a stated period of tinme, It _includes agreements
that, although not normally identified as leasés, meet
the above definition, such as _"heat supply contract" for-
nuclear fuel. [Bef. 5: p. ]

In the legal sense, a lease is

Any agreement which gives rise to relationship of land-
lord and tenant (real profperty) Oor lessor and lessee
(real or_gersonal propertyf. When used with reference
to tangl le personal property, word "lease" means a
contract by which one owning such property grants to
another the right to possess, use and enjoy'it for a
specified period of time 1n exchange or periodic
payment of a stipulated price, referred to as rent. The
person who conveys is termed fhe %lessor" and the person
whom conveyed "lessee" and when the lessor conveys land
or tenements to a lessor he is said to lease, demlse, or
let then. The word when used as a verb, means to
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- transfer for  term  specified from 1lessor to lessee
. progert therein denised, also to let, to farm out, to
- rent. {Ref. 6: p. 800]

Although these definitions seem clear, confusion has
, often arisen when using leases to acquire services and
} assets. As will be examined in Chapter III , one of the key
a variakles private industry accounts for in the 1lease-buy
decision is the taxation cost or benefit incurred. How
these costs or benefits are acccunted for is important for
tax [furposes. Consequently accountants and the Federal
Government began defining and classitrying different catego-
ries for every type cf lease. Accountants first tried to
establish a standard in 1949 when the Committee on
Accounting Procedure issued Aécounting Research Bulletin
£ (ARB) No. 38, Disclosure of Long Term Leases in Pipapcial
Statements of Lessees. This document was followed by four
3 separate opinions issued during the 1960's and 1970's by the
- successor to the Committee on Accounting Procedure, the
Accounting Prianciples Board (APB). At the same time the
Securities and Exchange Commission (SEC) adopted Accounting
Series Release No. 147 as the official standard for public

companies. [Ref. 7: pp. 107-117]
The most curreat set of accounting guidelines is the
! Statement of Financial Accounting Standards (SEAS) No. 13:
? Accounting for Leases [Ref. 5:). The statement was first
issued in 1976 and has incorporated seven additional state-
ments and six interpretations since then. The general

;I provisicns of the statement are underscored by paragraph 60.

- A lease that transfers substantially all of the benefits

; and risks incident to the ownersaip of property should

. be accounted for as_the acquisition  of an asset and the
incurance of an obligation tky the lessee and as a sale
or financing by the lessor. Ref.
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In many articles concerning leasing, various terms such
as "third party financing®, "sale leaseback", or "lease
purchase" are used. Statement 13 recognizes only five types
of leases: 1) operating, 2) sales type, 3) direct financing,
4) capital, and 5) leveraged leases. In an effort to elimi-
nate the confusion Statement 13 has some simple flow charts
allowing guick and easy classification of the type of lease.

It shouid be noted that a given lease is looked at in a
different light by each party. Just because it is a capital
lease to a lessee dces not automatically amean that it is
considered a capital lease by a lessor. #shat cne fparty may
view as a capital lease, the other may coasider an oper-
ating, sales or leveraged lease. Thus many assets can be
operating and yet not show up in either the oferator's or
manufacturer's balance sheet as a taxable asset. Aircraft
leases are typical of this type of arrangemeant. [Ref. 7: p.
110

C. PRIVATE INDUSTIRY

Probably the most widely discussed article about private
leasing was authored by Peter Vanaderwick, “The Powerful
Logic of the lLeasing Boom" [Ref. 8]. The article concerns
the cwnership of an aluminum-reduction mill located near

Sebree, Kentucky. While Anaconda Co. was constructing the
wmill, two events occurred that had an immediate and loag-
term impact on Anaccnda's cash flow. Ohe event was the
exprogriation of the company's copper mines in Chile. The
result was a 356.3 million dcllar write-off that could be
taken over a ten year period. The second was the reinstate-
ment Ly Congress of the 7 percent investment tax credit in
1971, The company was then in the situation of having more
tax write-offs than it could use. The article dealt with
the econonic benefits the coapany could reap by

15

e e e e e
RPC TN TR S e R S NN St e - ., - e et S . « e m®
N A A Tl e T e T T Tt e T e T e

. - e W a W WP e WY e
B I D I S I IS I SN g AL L P O PP WU R K, WO G, Pyt




L A A A S

.. transferring, through use of a lease, the excess tax credits
> to others in private industry.
{ Vanderwicken alsc noted several benefits in addition to
tax incentives that result from leasing:
1. fixed monthly payments that permit accurate
prediction of cash needs;

2. no down payment by the company and no compensating
- balance resulting in conservation of cash;
- 3. no legal meins to restrict other financing by the

company;

4. greater flexability fcr 1lower level mpmanagers in
acquiring assets by using leases as an operating
expenses rather than a capital expenses.

This last item is a major advantage to large orgamizatioas,
such as the Federal Goverament, because it can greatly speed
up the frocess or acgqguiring needed assets. '[Ref. 8: p. 190]

D. LOCAL MUNICIPALITIES AND SIATE GOVERNMENTS

In response to voter imgposed spendiang restrictioas,
state and local municipalities have been taking advantage of
leasing as a methcd tc acquire needed services.

Probably the most widely known restriction on spending

N in local government resulted from passage of California's
Proposition 13, approved by voters on June 6, 1978.
Proposition 13 required that local government reduce and
v limit property taxes. Its basic feature was a reduction of
: property taxes from an average of three percent to one
percent of the assessed value of a property. This had a
large impact on local government which had averaged about 27
percent of their receipts from property taxes. [Ref. 9]

3l . . . N .
Faced with a reduction in tax receipts and the restric-

]

tions imposed on generation of new receipts, local govern-

G A
o

; ments rapidly curtailed services, limited new construction

e
trY

and reexamined their curremt methods of acquiring services.
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The use of leases to acquire services rapidly became
popular. The sale leaseback method was the first tc be
considered and used. The city or local government would
sell existing assets such as a courthouse, 1likrary or town
hall to private investors. The private investor in turn
would lease the building back to the local government. The
local government would then get use of the assets at a
reduced cost ktecause the investors would be able to use the
tax deductions generated through depreciation and capitai
investment. in a round-about way, the Federal Government
provided a subsidy to the local government.

Two other methods were alsc used in the construction of
nevw assets. These were use of 1) lease purchase agreements,
and 2) operating leases. .The latter method was adopted as a
plan Lty Camden County in New Jersey. Faced with complying
with the Clean Water Act, Camden County reguired funds to
build two additicnal sevage treatment facilities. The cost
of the facilities was estimated at 200 million dollars plus
110 million dollars required to complete a plant already
under construction. The Envircnmental Protection Agency had
granted the entire State of New Jersey 485 million dollars.
Camnden County could bave absorbed 65 percent of the entire
grant jitself. Instead, Camden issued tax-exempt industrial
develcpment Dponds to generate 1low-interest capital for
construction of the plants. After completion, a lease wvas
signed witk a private owner to operate the plant. Using
this method estinmated savings will be eguivalent to
receiving a grant from the Federal Government for 30 percent
of the plants' cost. [Ref. 10: p. 36]

An added political benefit of leases is the flexibility
that a lease gives 1local gJcvernments. For example 1in
Lakewcod, Colo., voters did not approve a bond measure for a
nev city hall, The Lakewood government in response arranged
a lease-purchase contract and thus acquired the "needed"
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hall.
local government to rebalance the books.

The lease also provided an opportunity for cities and
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»
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b
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Jefferson Couaty,
Colorado, for example, showed no long term debt on its books
but had
jail.

manner as any other capital expenditure.

a lease-purchase contract for a 30 wmillion dollar
The lease payments are paid every year in the same
[Bef. 11]

State and 1local governments have used leasing for two

reasons. First, leasing is a method of gaining a subsidy
from the Federal Government by selling depreciation of
assets to private industry. Second, leases are a way to

acquire assets without having to show a long term debit as a
liability on the balance sheet.

E. FEDEBAL GOVERNMENT

The Federal
leasing of racilities for

in the
Although twenty
two agencies have a limited leasing authority, five agencies

government is extensively involved

government use.

(General Services Agency (GSA),
(bod),
Department of Agriculture)
the
leases is GSA,
in 1984 on
Department
[Ref. 12]
The General
July 1, 1949.
acquisition of common requirements for the Executive Branch.

Postal Service,
of
account for

Departaoent

of Deiense Department Transportation and

about 95 percent of
The of
estimated one billion dollars spent

dollar value spent on leases. largest user
with an
user is the

Postal

leased property. The next largest

of Defense followed by the Service.

Services Administration was established on

The organization was created to centralize

AT I A R T S

The organizaticn is troken
handle procurement of supplies,
services.
responsitle for the construction,

nance of all buildings.
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The Public Building Services (PBS) is the branch

and mainte-

This tranch is also responsible for
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the administration and avard of lease contracts. {Ref. 13:
PP- 529-547]

The PBS has approximatly 14,500 employees and is tae
largest of the GSA branches. The PBS has control of about
228 million sgquare feet of office space in 7800 Federally
owned or leased buildings.

GSA has had both negative and positive experiences with
leasing. It has received frequent complaints and has been
the subject of of several Congressional ingquiries c¢oncerning
leasing policy. 6n the other hand it has also claimed some
substantial successes from its policies.

An example of the former ccncerns GSA's dealing with the
Social Security Administration. The Social Security
Administration has 1,321 branch and local offices located
throughout the United States. Of these 1,321 offices, 1,101
are leased spaces administered by GSA. A Gemeral Accounting
Office audait showed numerous administrative problems. These
include:

1. Improperly maintained offices due to overcrowding anad
inadequate services provided by lessores:

2. Lengthy delays in acquiring lease spaces. 12 months
Cr more were required in some cases;

3. Problems in forecastiny of future space reguireaments
due to fluctuations in the Social Security budget.

The same exanple, however, also illustrates positive

aspects of leasing. Although no economic analysis was

performed, the GAO did note some Lenefits from leasing.

1. At o time was better space found for eguivalent
cost.

2. GSA had implemented a new program where spaces under
2500 square feet could be leased in 60 days. The
improvement in timeliness increased the Social
Security Administration atility to respond quickly to
changing requirements.
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3. Many of the offices required by the Social Security
Administration are small, one floor offices located
in downtown areas. Government construction would not
ke feasible due to small size requirements and high
property costs. The lease is an excellent method of
obtaining assets in this environment. [ Ref. 14)

The Post Office uses leasing as a method of acquiring
needed assets and services for short duration periods. It
also uses leases as a method of acquiring assets when future
needs and locad requirements are unknown. [Ref. 15]

Currently the Post oOffice uses 1leasing for acquiring
space in large commercial buildings, such as shopping malls,
sporting complexes, universities and other areas requiring
extensive postal services. The main purpose of leasing is
to allow the Post Office flexibility in providing a wide
variety of services without subjecting itself to high
capital investment £fcr areas where the 1length of service
required and the amount of resources are unknown.

In examining the full potential of leases the Postal
Service has contracted for a study of the practice and what
benefits the Post Office could obtaian from leasing. Using
comnmercial programs and data tases, the follcwing conclu-
sions in regard to leasing were€ reached.

1. Construction ccsts for Postal buildings are consider-
ably higher than construction costs for similar
tuildings by private industry;

2. 0On the average, cost—-to-own exceeded the cost-to-
lease by 20 percent;

3. An examination of current projects show that taey
will cost significantly more to own that to lease.

Although this analysis tends to show that leasing 1is
cheaper than purchasing, two iaportant items were not
considered. First, the analysis did not take into account

the 1lost revenue to the Treasury <from tax benefits.
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E; Secondly, no sensitivity or risk amnalysis wvas performed on
- the calculations. ([Ref. 16])

Ancther investigation of the acquisition of capital
assets Lty lease agreements, in this case involving Navy
auxiliary ships, was conducted by Michael K. Block. The
results of his effort were published in a paper entitled,
#®§ho Should Own the Fleet?" [ Bef. 17].

Mr. Block's initial curiosity about leasing was raised

SR
PSR

while reviewing backgrcund studies for the A0-75, an auxil-
iary oiler the Navy wvas interested in procuringe. The study
result was that leasing was a more cost-effective way for
the Navy to acquire oilers than purchase. The question
raised was, given the results of the cost study were true,
why was the entire Navy not leased? His final conclusion
was that the method used in evaluating the alternatives was
faulty and the lease proposal was not cost effective.

His result was based on an examination of three areas:
1) the mechanics of leasing in the private sector, 2) prior
Navy experience with the build and charter program conducted
by the Military Sealift Command, and 3) the cost effective-
ness of leasing in the private sector.

Block's main point is contained in the first section, an
examination of the mechanics of leasing. Using

vanderwicken's article, "The Fowerful Logic of the Leasing
Boon" [Ref. 8] Block summarizes the use of leasing as a
met hod of lowering the cost of capital.

The lease payment is, in fact, an interest and amortiza-
tion payment on the capital value of the asset.  The
critical dirferences from the lessee's point of view is
that the effective interest rate on the lease is less
than the effective interest rate on_ his npext best
commercial alternative. [Ref. 17: p. 4

Government tonds are the cheapest way in our economic system
to generate capital. The cost of capital is based on the
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interrelationship between the interest and security of the
investment. The more secure an investment is the lower
return (i.e. interest) an investor is willing to accept. As
government bonds are considered the most secure investment
currently in our economic system, investor demand is satis-
fied at a lower interest rate tham is the case for private
investments. Consequently the cheapest way to currenatly
raise bapital is thrcugh the issuance of government bonds.
Any proposali by industry claiming to provide a cheaper rate
is false. The cheaper rate comes from hidden tax breaks the
private company can use but the Federal government does not
use.

In summary, leasing has been beneficial tc the Federal
Government in two types of cases. In the first case, if a
government agency 1is faced with a situation where it nust
provide a service for a short time, leasing is a logical
method. In the second, if an agency has a small reguirement
for space, such as a one person postal branch office or a
two person Social Security office, then leasing is a way to
utilize already constructed assets using minimal capital
investment. Leasing, as a method of reducing cost of
capital, is not beneficial for two simple reasons: 1)
government bonds provide the cost of capital, 2) overall the
governmert does not gain any advantage by transferring tax
credits retween agencies.
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A. BACKGROURND

The investment models discussed 1in this chapter are
widely used in business for making economic choices., The
basic premise of all models is that they are simpliiied
versicns of reality. A "good" model incorporates the major
components of a problem and their interactions and interre-
lationsaips in the environment. To relate the components to
one another and to provide a rererence for the user of the
model, a measuring unit must be established. It is widely
accepted, both in goverament and private industry, that the
common unit is money. One key aspect of economic models is
that they are not developed to calculate a specific dollar
value but rather are used to rank and compare altermatives
in a cbjective and logical manner.

Although both private industry and the public sector use
the same measuring units, each has a different goal. 1In the
business world, the goal is to achieve the highest payback
from a given investment, based on production at the lowest
cost and utilization c¢f governsent tax incentives. In the
public sector the objective, excluding some political
considerations, is to achieve the minimum required service
at the lowest possible cost. Both require an analysis of
various alternatives based on cash flows to attain their

respective goals.

Much has been written concerning the use of models, but
if the user keeps the following points in mind, hesshe
should gain a better understanding of a model.

1. It is a simplified version of a more complex reality.

23
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EE; 2. 1Its purpose is to illuminate a real-life phencmenon,
b?i using some sisplification for ease and clarity of
h understanding;

- 3. The model has to include those parameters and their
::f interrelationships that are essential;

:ﬁi 4. The model is not all kncwing, each is developed for a
ﬁ particular purpose and audience;

L 5. Many models do not directly provide a "correct"™ solu-
;;: tion, but rather are used to assist the thought
%? frocess.

Models are therefore simple yet contain the essential
elements to assist the thought process in analyzing a
particular problem. [Ref. 18: p. 55]

B. FOUR COMHON ECONOMIC MODELS

In the btusiness wcrld, cash flow models abound. Each
model has many inputs and variables but usually falls into
one or a combination of four kasic models. In most cases

management wants to be presented with the simplest possible
format. Presentation of statistical deviations, standard
error and various other statistical measurements is not been
considered important to the manager. One major reasom for
this is that historically these calculations were exceed-
ingly difficult to compute., Hcwever, even though the use of
modern computers has greatly simplified such complex calcu-
lations, the simplicity requirement is still paramount. To

meet the reguirements of simplicity all four models provide
only cne output value. This cutput can be used to arrange
the investment alternatives 1in order of desirability.
[Ref. 19]
Fcr demonstartion purposes, all four models will be used
to evaluate two different cash flows. Case one has an
initial investment of one thousand dollars and a one hundred

24
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jf dollar return per period. Case two has an initial invest-
'i, ment of one thcusand dollars and a two hundred dollar return
' per pericd. In both cases total number of periods is ten

and discount rate is ten percent.

1. Average hate of Eeturn Model

Tne average rate of return model will provide tae
‘rate at which ap investment yields revenues based on the
initial amount invested.

Y LR AN BN St B
e .-. ,',.'. 't‘l" ‘ . : v‘ T

Algebraically:
a
: A 2 G,
: QHR - Lo
ri N Q. (egn 3.1)
where:

D

D

e
1}

average rate of return

Q¢ = initial investment outlay

Q. = return ip fperiod i |
N = tcotal number of periods |
( = period

The initial cutlay is positive in all situations.
It 1s however possible for ai to be negative. This 1is
equivalent to cash outlay exceeding cash inflow in tonat
period. The decision rule is to choose the alternative that
has the highest value of ARR. For our example, case one has
a8 ARK equal to .10, while case two has a ARR equal to .20.
Thus case two 1is selected as the better alternative. The
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e major f£lav here is that the model provides no clue as to
X total return or return over tite.

2. Payback Period Model

The pay-back period model is another simfple model.
In many commercial decisions, short term gaim is of para-
mount importance. The payback period is the number of
periods required for the investment to recover the initial
cost.

Algebraically:

payback period is mirimum k for which

K
> a2,
(VeI (eqn 3.2)
where
k = pay back period
Q. = return in feriod i
Q; = initial investment
¢ o= period

As in the above model, ao is always positive walle
al can be either positive or negative. The decision rule is
to chcose the alternative that has the smallest value of kK.
In this model <case one has a value of 10 for k while case
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tvo has a value of 5 for k. Thus case tvwo is selected as
the Letter alternative. Like the previous model of average
rate cf return, this model does not consider total return or
time difference.?

3. Present Horth Model

The present worth model makes use of the idea that a

future sum is worth less than a current sum. To accoaplish
this, the model takes into coansideration what a current sum
could possibly earn if it was invested with a guaranteed
return.
Algebraically:
n
’ Q:
- - < s
DV - CLD 4 2_ ('+ r)\, (egn 3. 3)
o=
where
PV = present value
G, = initial investment
(L, = return in period i
L = period
N = total number of periods

= interest rate or discount rate, r= 0

1Further discussion of this model appears in Chapter 5.
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As in the previous models, ao is always positive
while ai can either be positve or negative. Note that
negative values of r are not defined. The decision rule is
to select the altermative with the highest NPV. Case one
has a PV of -385.3 dollars while case two has a PV of 225.4
dollars. Thus case two is selected as the better alterna-
tive. The present worth model does take into account the
variaktle worth of money over tinme. However, the determina-
tion ¢€ r is quite difficult and can have an adverse effect
on the +* 1f chosen incorrectly. The main problem occurs
when a «omparison is made between alternatives having
different cash flows at different periods. If r is high, a
penalty is placed on any alternative with large cash returas

in later periods.

4. Internal Rate of Return Model

The last model is based on the internal vate of
return required by the company to show a profit. Although
very similar to the present value model, the internal rate -
of return model is looking for a rate r that would pay back
exactly the initial investment ao over the 1life of the

investnent.

Algebraically:

a.
Q. = 2-
© o uxnpe (eqn 3.4)

where

-
[}

rate of return

(-‘.D
H

initial investment
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Q. = return in period i
N = total number of periods
L = period

As with the above models ao is always positive. The
value of ai can either be positive or negative. The deci-
sion rule is to select the alternative with the highest rate

of return. Case one has a r equal to zero, while case two
has ar egqual to .16 . Thus case two is selected as the
better alternative. One major shortcoming of this model

occurs if there is a negative cash flow in any period of the
model. In that situation a sign reversal occurs which
causes nultiple solutions for r which creates confusion waen
selecting the proper alternative.

C. CURRENT LEASING MODELS USED IN THE PRIVATE SECTOR

Curréntly private companies use four basic mcdels in
making the lease-or-buy decisicn. In a survey conducted by
Paul F. Anderson and John D. Martin, companies used the
internal rate of return (IRR), the Net Present Value (NPV),
and two modifications to the net present value amcdel, a
variaticn of the Weston and Brigham model (1972) apd a vari-
ation of the Bower, Herringer and Williamson model were ailso
used. [Ref. 20: pp. 31-40)

1. Discussion of the Survey

The elements of each model are summarized in Figure
3.1. All four models share three siailar characteristics:
a) the time value cf money;
b) cash flow imn and out;
c) tax benefits;
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Bach model recognizes that there 1is a time value associated
: with nmoney. This time delay is taken into consideration by
{ assigning a discount factor or interest rate to all cash
R flows in the models. The parameters representing cash flovs
in all four models are very similar in nature. Table 3.1
illustrates the common parameters used. Included are initial
investment, operating cost, and salvage value. These models
also demonstrate the importance that tax rates play in the
A lease-buy decision. Included in cash flows are investment
N tax credits, marginal and average tax rates, and tax rates
on interest payments cn loans.

(x ELEMENT NPV IRBRM LSLM AINM

& A, X X

2 L
R.

10,

- LR
t],

Co1-t)
Va

e Re

D4 4 ¢ 54 D D¢
P P4 DS B M PG M
P > D M b DS e

Figure 3.1 Congarzson of the Leasing Models
rivate Industry.

W Also significant is the lack of semnsitivity and risk
d analysis for each model. As noted by the authors, response
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to the survey indicated that very little if any sensitivity
or risk analysis is performed on the models prior to the
selecticn cf the alternatives available.

Each model is examined in detail belovw. The
following notation is used.

R, = purchase price

D, = Taxable depreciation charge in year i

IL = interest charged in year i

1{ = Bower, Herringer and Williaméon model for computing

an equivalent lcan in year i

K¢ = after tax weighted average cost of capital for the
firs.
IRR = internal rate of return required by a company

\l.; = lcan payment in period i
N = useful life in periods
WAL = pnet advantage of lease
O = operating cost if firm purchases the asset
pL = after-tax ccst of leasing
Q; = lease (rent) payment in vear i
r

= pre-tax interest rate on intermediate debit

)
I

r(1-t) after +tax interest rate on interamediate

[ = after-tax ccst of leasing

{ = corporate average and marginal tax rate on ordinary
inccme
{. = investment tax credits

(S
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I{ Vo = expected after tax salvage value of asset in year
N e
:. 2. N2V Model (NEVH)

This 1s a basic NPV model.

RIS

e

0L R -EDi# LR -t I+ Oili-thy )
rumui‘ l ] - By b

Q+ Kt)l - (H’—Kt)n- T3 Re (egn 3.5)

L=t

e o .~

The modedi makes the assumption that perfect inicrma-
tion abcut ail factors exist. The present values are calcu-
lated wusing a disccunt rate that equals the rate of
interest. The decision rule 1is then to 1lease if NaL is

PR SV N A T RS RV N ST SR R

greater that zero and buy if NAL is less than zero.

: : 3. IER Model (IEEM)

This is a ktasic IRR model

(egn 3.06)

ul Q;—tDJtQHOL(“t) \Z 1. Qu
O = Fe g;[ (- po) J—0+QJV\+Pt

is buy if p, 1s less tran IRR and lease it /91 1s greater

El The problew is to solve for Pt. Tne decision rule
a8
b
. than Iak.
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4. Lupp Sum Loan Model (LSLN)

The only two differences in this model when compared
to the NEVM is the inclusion <¢I ao, cash purchase frice of
the asset, and a different interest rate.

2] "
o L Ri-t0i+tRi-tI{+ Ol v, £ A,
AL =R, ;[ (1+ ket J_U«\Kdﬁ_\‘i—k} (egn 3.7)

The decision is lease if NAL is positive and buy if
NAL is negative.

5. Annual Installment Model (AIN)

The iast model noted in the survey was the AIM model

LS TL-R-t0tR T+ O Ve b f (egn 3.3)
mm};[ (1 + )t J (14 ko) (1+7y)

In this case a positive NAL entails a lease decision

while a rnegative NAL leads to a ruy decision.

D. CURBENT LEASING NODELS USED IN THE DEPARTMENT OF DEFENSE

The Departument of Defense, as a part of the Executive
Branch of the Federal jovernaent, relies on the Office of
Maragement and Budget tor gquidance 1in capital investment

aecisiocs. DOD Instructiou N¢. 7041.3, Economic Analysis
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and Program Evaluatiop for Eesource Manpagement [Bef. 21] is
the directive to be followed by all Program Managers 1ia
carrying out OMB and DOD policy. The Naval PFacilities
Engineering Command has further elaborated by pullisaing
NAVFAC P-U442, Economic Apalysis Handbook [Ref. 22].

cAsH  FLow . TPV

DGLLARS

NCcLLARS
0 r———>
>
o b
w >
L 2

pemicns o 3 3 u pernieds

Figure 3.2 Cash Flow Diagran.

The model used exclusively for capital investment deci-
sions and lease-buy alternatives is a NPV model based on a
discrete cash flow. Utilizing the NPV concept, all cash
flows are brought back to the initial boint (see Fig. 3.2).
The decision rule is to accept the lowest NF" as the best
alterpnative.

Tc examine the 1limitaticns of the NPV model and incoan-
sistencies in OMB and DOD directives a comprehensive review
of 1leasing situaticn has Dbeen performed by the RNavy
Facilities Engineering Commard. The study was tasked with
the fcllowing ob jectives:

1. Fkeview the comparison methodology used in Yavy
economic apalysis, with emphasis on ideatification of
indirect costs such as taxation rates and insurance
cost to ensure that they are adeguately accounted for
Ly present policies;
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2. Analyze the results of possible chapnges to the
Davis-Bacon Wage Act for Military Comstruction costs;
3. Examine the GSA automated life-cycle costing model;
4. Do a typical case study of lease vs. construction
econoaic analysis.
The study came to the following conclusions and
recougendations.
1. Both the 10 percent discount rate established by
DODINST 7041.3 and the 7 percent rate established by
CMB Circular No. A-104 should be reviewed to inmsure
they accurately reflect the current economic
situation;
2. Insurance presiums have a negligible effect when

comparing alternatives. However, Local and Federal

taxes have a significant impact on the ranking of the

comparisons. No guidance is reccommended at the
present time fcr these reasomns:

a) OMB Circular No. 104 States that 7 [fpercent
discount rate used fcr lease alternatives already
bhas taken taxes into account:

b) the total lccal taxes will have minimal impact on
lifecycle cost;

3. The repeal or reform c¢f the Davis-Bacon Act would
only reduce MILCON costs by a few percent and would
have mipimal impact on the total lifecycle cost;

4. GSA life cycle planning and budgeting model 1is not
suitable for agpplicatior by NAVFAC;

5. More sensitivity analysis on the input variables and
Eore risk amnalysis would be useful in any economic
decision.

Given these results, NAVFAC has therefore aot changed
the recommended methodology described in NAVFAC P-442,
Economic Analysis Handbook when analyzing the lease or ouy
decision. [Ref. 23]}
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IV. ANALYSIS OF A LEASE-BUY DECISION

A. . BACKGROUND

As noted in Chapter I1I, there is considerable
Congressional pressure to exploit any method that decreases
Federal spending. Leasing is one method currently proposed
as a cost-effective way for the government to acquire assets
and services. When the decisior is npade whether to lease-
or-buy some sort of economic analysis mnust be conducted to
rank the alternmatives. The purpose of this chapter is to
analyze an example and rank the alternatives using the
economic model recommended by NAVFAC. In Chapter Six the
model will be subjected to sensitivity analysis and to risk
analysis.

The analytical process used follows six sterps:

1. Define Objective

2. Generate Alternatives

3. Formulate Assumptioas

4. Determine Costs and Benefits

5. Compare Cost and Benefits and Rank Altermpatives

6. Perform Sensitivity Analysis and Risk Analysis

B. OEJECTIVE

As ©poted in Military Construction Authorization Act,
Report 98-962, [Ref. 4], all three military services are to
conduct lease agreements for child care centers (see Chapter

Gl St R

II). The objective is to determine whether private industry
can provide «child care more economically than the current
metnod of in-house acquisition and operation.
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C. ALTERNATIVES
- In carrying out the Congressional directive, NAVFAC has
! develcped a draft BRequest for Proposal (RFP). This RFP is
N to be issued and returned bids evaluated. Due to the struc-
E ture of the contract only two alternatives are available to

the gcvernment. These are:

1« The government acquires and operates a child care
facility for a 25 year "time period.

2. The government leases landa at a minimal cost, $1.00
per year, and the construction and operation are
performed by a grivate contractor.

Although the structure of the contract only allows for the
evaluation of the +two above options there are numerous
options available. Four other alternatives are 1listed

below:
1. Do nothing. Many bases are 1located in heavily popu-
lated areas where <child care is readily available

from private industry. Arguments concerning the
merits of having a facility right where fpersonnel
work, problems associated with child care facilities
which do not understand the unigue nature of military

life, and possible higher cost to individual military
members should be examined when considering this
option;

2. Build the structure and lease the services. This is
very similar tc Executive Order A-76, a concept that

has been adopted and used gquite frequently in recent
vears to reduce costs and increase efficiency in
current government operations. wWhat BA-76 does 1is
organize a method where government employees bid in

DaCndbe i sn af b il arad 3

competition with the private sector for government
work. The lowest bidder is then awarded the work.
This is believed to result in greater efficiency in

government operations;
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3. Llease an existing structure from private industry.
This could be <cost effective in an area where over-
speculation on building requirements has resulted in
excess vacancy rates. In this situation, the govern-
sent could rear benefits by having private industry
possibly *subsidize' the government by leasing space
at a loss just to maintain some cash flow. The final
profit by private industry would be made up wken
demand has caught up with supply. At that point tae
government would reexamine the possitle options
available;

4. Some other combination of leasing and ftuying. By
taking advantage of private industry's ability to
specialize and operate as efficiently as possible,
some portions of child care could remain in-house,
while other portions such as food operaticns and
janitoral services could be sutcontracted.

As a final point the cost of drafting, awarding, and
inspecting and administering a contract, along with the loss
of flexibility when using a contract could easily cutweigh
the small incremental benefits gained. In any analysis,
these items should be included in the cost analysis for any
given altermnative.

D. ASSUMPTIONS

To reduce the model to the simplest terms, the following
assuamptions are made:
1. For the base case the same discount rate of 10
percent will apply to bota alternatives;
2. A1l cash flows throughout the year are accumulated at
the end of the year;
3. Due to size of the contract, inspection and adminis-
tration costs of the contract will be fully offset by
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overhead costs needed for in-house operaticn of the
child care center;

4. All cash flows in the contract model are examined
tefore taxaticn;

5. Interest rate for capital in the private sector is 12
percent;

E. CCSTS AND BENEFIIS

1. Background

The proposed child care «center is still anot
completely designed. Therefore, construction costs, oper-
ating costs, and operating receipts will be estimated using
historical data, engineering estimates and estimates by
knowledgeable and experience individuais in the child care
field. It is emphasized by the author that these estimates
are sglely dgemnerated for wuse in exploration of a current
model that evaluates cash flow alternatives and are not
official goverpment cost estimates. Although —reasonable
now, changes in the draft contract proposal would nmost
likely have a significant impact on the cash flows.

Z. Cost Elements

Five cost elements are considered critical in child
care operations:2 1) receipts, 2) operating cost, 3) ipitial
investment, 4) one-time maibtenance cost and 5) salvage
value.

Total receipts in both the goveranment cash flow and
the ccntract cash flow are fixed. Receipts are fixed due to
two ccnstraints: 1) maximum day-care center child capacity
and 2) maximum charge per child. The child care center will

be arpproxaimateiy 6,000 square feet, based <¢n contract

2These are very similar to the critical elewments used in
the private leasing mcdels found in Chapter 3.
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guidelines, thus the maximum number of children the center
can handle is one hundred. Due to the number of military
families in the area, it is assumed that a waiting list will
be maintained and that the center will always have maximunm
utilization. It is also assumed that users will not fay a
higher price than other available private centers would
charge. Current charges in the evaluation area for child
care are two hundred and sixty dollars per wmonth. Total
receirpts are calculated by multiplying the numker of chil-
dren, here one hundred, times cost per month. Then this
total is multiplied by 12 for total yearly receirpts of
312,000 dollars.

For analysis purposes, the fixing of receipts will
have a minor impact. Any change in the cash flow of
receipts merely has a negative effect on operating costs.
Thus the overall behavior of the model with increasing
receipts is equivalent to decreasing operating costs.

Operating ccst is based on the foliowing
calculations.

14 employees working 2080 hours per year at $4.50 per
$131,040.00.

hour

1 maintenance person working 2080 hours at $5.00 per
ktour = $10,400.00

1 supervisor working 208C hours per year at $7.00 per
hour $14,560.00

Total Labor = $156,00.00 dollars per year

Consumaolies, such as cleaners, mops, brooms, etc., used
in the year = $1,800 dollars.

The utility cost had to be estimated since no aeters
are used for individual building on Navy bases. Using
€8,650 cubic feet and Navy Planning Guide [Ref. 24: p.
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: 1151. Total cost for heating is estimated to be 2,906
E; dcllars per year.

For electrical cost, based on 2 watts per square root
[Ref. 25] at .41 dollars fper kilowatt used and 60 hours
operating per week, total cost per year is estimated to
ke 17,563.00.

Ictal yearly operating cost is 178,000 dollars.
oN The cost of initial investment is based on the
N current engineering estimate of 880,000 dollars. For the
government cash flow this is considered one lumfp sum at time
zero. The contract cash flow assumes the contractor will
obtain a 1loan of the entire amount. Consequently, the
contract cash flow has uniform payments over the life of the
project.
The disposal of the structure at the end of the
lease or economic 1life of 25 years is pot specirfically
; addressed in the draft proposal. It is assumea that the
contractor will recover his total investment prior to the
- end of the lease period. At the end of the lease period the
3 contractcr, at no additional cost to the goverament, will
‘ turn cver the structure., I1f the government owns the struc-
) ture, full cost recovery will be accomplished prior to tane
' end of tne 25 year economic life.3 It 1s therefore implied
that the salvage value for both alternatives will ke zero.
L [Ref. 26]
‘f All of the above costs are summarized in Table II .

3The 1insignificance of using a longer life for the
structure is eXamined later in this chapter.
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TABLE 1I
ESTIMATED CASH FLOW

Receipts
Number of Children (MaxiBUD)eeeceececceccecccccacel00
Charges per Child per MCNthececceccccseeeee260.00

Total Yearly ReceiptSecececececccccccceaceeaea312,000.00

Operating Cost

Labor
Hourly Labor Rate for Child Car€ecececececeecce.4.50
Hourly Labor kate for Daily Maintenance...5.00
Hourly Labor Rate for SupervisioNeecccecece<.7.00
Yearly Cost for Total Laboreeccececes.156,000.00
Yearly Cost of Materials needed
for Day to Day OperationNSececececcsccecceceas1,800.00

Utility Cost

Heating COStuccecacscscccccesscscocseneal, 306,00
Lighting CCSteceeacevesacnencsncescnses 17,563.00

Total Yearly Operating CcStSecaccceces..178,000.00

One Time Maintenance
Painting (every five YEarS) cecceccecseasess2,500.00
Reroofing (every fifteen years)......10,000.00

Initial InvestoeNtecceccccccccccncacacaceaaa8880,0C0.00

salvage valueoconnoonnoocoo ®® ®©® 006600 scwmw s .....0.00




F. RANKING OF ALTERNATIVE CASH FLOWNS

1. Model

The model used for the analysis of alternative cash
flows in this example is a net present value model (see
Chapter I1III). The model discounts the cash flows cver the
life cf the project to time zero. The alternatives are
ranked and the decision rule for this model is to select the
alternative with the largest NEV. Aadditional backgrcund can
be found in Economic Analysis Handbook P-442 [Ref. 22].

2. Use of Computer Progran

The computer rrogram used to analyze the casa flows
is a conmmercial prograa, "Interactive Financial Flanaing
System (IFPS)". The program was developed by EXECUCOM
Corporation as a mechanism that allows financial managers a
comprehensive means of modeling and simulating firamncial
scenarios. The program loads a modeling language into any
IBM PC cr IBM compatible computer. The short exaaples shown
below will introduce the reader to the Lasic semantics cf
the language. For a more conplete explanation of the
system's capabilities, IFPS <Tutorial [Ref. 27] and IfFPS

User's Manual [Ref. 28] are excellent reference sources.

The program allows the user to set up separate files
for <cash flows and data. For this exampie a file was
created to model the cash flouws of each alternative. The
government file is listed in Table III . The contract file
is listed in Table IV ., The file name assigned the govern-
ment cash flow 1s "ggov" and the file name for the contract
cash flow is "con™", As can ke seen, the language is very
user friendly and contains intermal functions for calcula-
tion cf NPV and amortization of a loan. To allow greater
flexikility, all input parameters for both models are
initially set to zero. Data files are set up separately and
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TABLE III
GOVERNNENT CASH FLOW

10 *%***%xx*%%%*ESTABLISH COLUMNS (YEARS) *¥*%*#%x3$%%k%k%x
20 COLUMNS 1-25

30 *##x%kkxdkx %I NPUT PARAMETERS*¥**¥ 3k kk ek $xR A hkkK Xk
40 INITIAL INVESTMENT = 0

50 NUMBEg OF CHILDREN = 0

60 COST PER CHILD = 0

7€ COST TI0 OPERATE = 0

80 COST OF ONE TIME MAINT = 0

80 SALVAGE VALUE 0

90 DISCOUNTI RATE 0

100 #**x%kxkd*k %%k CALCULATE RECEIPTS****%xkkkk 3k kdkkkk%

110 RECEIPTS = (NUMBEEK OF CHILDREN * COST PER CHILD
* 12 ) + SALVAGE VALUE

120 **kkx%xxxkkxx *CALCULATE EXPENSES*%kkkktkthkkshkkkx
130 EXP = INITIAL INVESTMENT ¢ COST TO OPERATE

140 ***x*xxx*xxx%¥xCALCULATE NET PRESENT VALUE*#**x%3%%k%xx
150 NEV = NEVC (RECEIPTS, DISCOUNT RATE, EXP)

Vv and Takle VI are sample data files).

called when the model is . .2 fcr a specific cash flow (Table

To run the government program, the following ccmmand

is entered:

Model gov using g1
solve
all options
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TABLE IV
CONTRACT CASH FLOW

( 10 #*sxsxxxxxkxkxx$xSETUP FCR 25 YEARS *#***%k sk k khkk k%
20 CCLUMNS 1-25

30 **kxskkrkuskkkkxkINPUT PARAMETERS ## ¥ %%k dxk e ¥¥¥kk*
40 LCAN =0

§f 50 NCNLOAN = 0

60 LINTEEREST = 0

70 LIFE OF LOAN = 0

80 INITIAL INVESTMENT
90 NUMBER OF CHILLREEN
100 CCST PER CHILL = 0
110 CCST TO OPERATE = 0
130 CCST OF ONE TINME MAINT = 0 [
150 DISCOUNT RATE = 0

160 SALVAGE VALUE =0

170 #%*%x%%%x**TOTAL YEARLY RECEIPTS***%x*¥k X%k 4k %Rk X%
180 KECEIPTS = (NUMBER OF CHILDREN * COST PER CHILD
185 * 12) + SALVAGE VALUE

190 **k*x%%x%x AMORT IZED LOAN EAYMENT** %% %k txkkahrkdhkhxk
200 AMORT (LOAN,NON LOAN, LINTEREST,LIFE OF LOAN,1,

205 12,2AYM, INTR, PRIN, EAL)

230 **x%kkkxxk*xk TCTAL EXPENSES*¥kkxkkkkkdkkkddrhdkkk k%
240 EXP = COST TO CPERATE + COST OF ONE TIME MAINT

250 + PAYM

260 #*kkkkxxxkxkkx NPV OF PRCIECT*¥x*k kb xkhkrkddhbt ok xs

270 NPV = NPVC(RECEIPTIS,DISCOUNT RATE, EXP)
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TABLE V
GOVEBNHENT ESTINMATED COST

TABLE
CONTBACT ESTIMATED COST
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Appendix A shows the output for two sample runs over the
first five years of the project.

3. Model oOutput

Figure 4.1, is a graphical representation of the
government cash flow as a function of years and NPV.
Coincidently, with a discount rate of ten percent and the
estimated costs and receipts, the model output results in
almost zerc net present value at the end of the economical
life. This should not be considered as a true estimate of
the total lifetime cost. As explained earlier in this
chapter, the estimates for this project are subject to
change if the draft RFP changes. PFurther investigation will
also show that NPV 1is subject to a great degree of
uncertainty.

The <curve itself is typical of a project with a
large initial investzent and a slow return on investment
over tine. The slope starts with a snarp rise and the
tapers off until it is almost level. In this example the
difference in NPV between 15 and 25 years is 171,000 dollars
while the difference between 5 and 15 years is 440,000
dollars. Thus a significant reduction in slope is noted
after the 15 year point. In this cash flow situatiocn it is
sel f-evident that after 25 years the initial cost has little
impact on this project. This is one reason that NAVFAC's
use of 25 year life expectancy 1is suitable even though many
structures in the Navy may last fifty or more years.

Figure 4.2, 1is a grarhic representation of the

contrac* cash flow as a function of years and NPV. The
efrect of spacing the cash pay out for the initial invest-
ment is gquite noticeable. Instead of the rapid increase in
NPV over time seen in PFigure 4.1, Figure 4.2 is quite flat
with a slight negative slope.
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4. EFHesults

Utilizing the decision rule of selecting the alter-
native with the highest NPV, the in-house operation of child
care centers with a NEV of 174,000 dollars is preferred over
contract operations which has a NPV of -62,000 dollars. The
next chapter performs extensive sensitivity analysis on the

base runs.
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RISK ANALYSIS

A. BACKGROUND

In any consideration of future events, some uncertainty
is involved. Naticnal interests can change, production
demands can increase or decrease, unforeseen technological
advances can cause radical changes in productivity and labor
needs, economic pressures can change interest rates aangd
government tax structure, strikes and labor disputes can
greatly increase costs. These uncertainties will affect tnhe
input variables for any economic model.

Although the total elimination of uncertainty is impos-
sible, methods have been developed to analyze the uncer-
tainty in a given situation. Historical data analysis
combined with future forecasting is the major technique used
to analyze uncertainty for a fparticular variable. Through
the use of regression analysis, smootning functions or simu-
lation, a future fcrecast based on historical data can be
nade. Although many times a single point value is given,
the fcrecast should also include an estimate of error for
that value, This allows the user of the information a
met hod of estimating the worth of the data prior to its use.

Ip taking wuncertainty into account, and thereky meas-
uring the risk involved, various methods have been devel-
oped. The payback period model discussed in Chapter III is

used by managers as quick risk test. The payback period
model calcuiates the time required to payback the initial
investment. The decision rule is that the alternative that
pays the project back in the shortest time has the lowest
risk cr all the projects.




In addition to the payback period model, six other
ZI methods are frequently used to determine risk of the

project.
1. Break—-Even Analysis: When the choice of alternative
is dependent on one parameter, "break-even" analysis
is commonly used. The method involves three steps.

First, the most likely value of the dependent paranm-

- eter is determined. Second, the point where every

: alternative is economicaliy equal is calculated.
Third, the value of the dependeht parameter for each
economically equal alternative 1is compared to the
most likely value. The decision rule is to select
the alternative which has the least amount of differ-
ence between the calculated and estimated value of
the parameter.

2. Optimistic-Pessimistic Estimation: This method is
commonly used to determine if <the amount c¢f uncer-
tainty changes the risk. The alternatives are
subjected to three variations, 1) a pessimistic value
for the parameter, 2) a optimistic value <for the
rarameter, and 3) the most likely value for the
parameter. The alternative that is optimal using all
three values is is selected. Even if no alternative
is optimal using all three values, this method allows
the decision maker am ofpportunity to examine the best
and worst case for all alternatives;

3. ©Eisk Adjusted Minimum Attractive Rates of Return:
This method is based on using a higher discount rate

;; for those elements that are subjected to the nmost

| amount of uncertainty;

i 4. Reduction of Useful Life: The 1lifetime cf each

.' alternative is reduced by a fixed percentage, say 50

percent. All alternatives are then evaluated to

determine their ranking given an earlier cbsolescence

time;




S. Sensitivity Apalysis: Sensitivity analysis is used
when one or more parameters are uancertain. This
method answers two major guestioans. First, how does
the output behave as parameters are varied? Second,
what does changing the fparameters do to the selection
of the alternatives? This method is explained in
more detail in the next section;

6. FErobability Functions: In this method, a prcbablity
function is estimated fcr each element and these are
combined to make a probablity function that repre-
sents the total outcome of the event. [Ref. 29]

The last two methods will used to analyze the cash flows
for the child care center.

B. SENSITIVITY ANALYSIS

Sensitivity analysis is a method that compares a pase
output with outputs resulting from various values of each
parameter used in the model. The method used in this anal-
ysis 1s to fix alli input parameters but one. The one
element not fixed is subjected to a 50 percent increase and
decrease in value. The value of 50 percent is based on
discussions with NAVFAC project managers and engineers. A
graphical comparison 1is then made of the outputs. If no
significant changes are noted, the model is coansidered
robust and insensitive to «changes in that element. 1£,
however, the output varies considerably froam the base case,
the mcdel is considered to be sensitive to that input param-
eter. The sensitive elements can thus be npoted and
subjected to more detailed investigation.

1. Sensitivity Analysis, Government Cash Flow

Figure 5.1 demonstrates the different degrees of
sensitivity each rarameter has with respect to time and to

magnitude of change.
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Changes in the operating cost are illustrated in the
upper left hand graph of Figure 5.1 The operating cost has
the Lkasic characteristics of a uniform cash flow over tigme.
The éraphical representation gives the appearance that the
difference between 1increase and decrease of operating cost
is not symmetric throughout the economic life. The differ-
ence seens most apparent at the seven year point. At the
seven year mark, am increase_of 50 percent of ofperating cost
results in a decrease in NPV by 440,000 dollars while a
decrease of 50 percent yields an increase in NPV of 439,000
dollars.

The upper right hand graph shows the result of a 50
percent increase and decrease respectively in initial
investment. The change im initial investment causes a
uniform increase or decrease in the NPV.

In contrast to changes in operating cost anﬁ initial
investment, increases and decreases in the discount rate
result in a non-symmetric and time dependeant change in the
NPV, as shown in the lower left bhand graph. At the 25 year
point, a decrease by 50 perceant results in an increase in
NPV by 709,000 dollars while a 50 percent increase yields a
NPV decrease of 360,000 doliars. At seven years, a 50
percent increase results in a decrease of 119,000 doilars
and a 50 percent decrease results in a 158,000 3ollars
increase in NPV. The ratio of change goes from apgroxi-
mately 1.11 to 1 at seven years to approximately 1.97 to 1
at twenty-five years. Changes in the discount rate thus
have a ncnuniform and nonsyammetric impact on the NPV.

The rigat hand graph illustrates the impact tanat
one-time expenditures have on NPV. The lines representing
increase and decrease both coincide with the base case line.
It is obvious that in this situation, onetime maintenance
caus€s no significant change in NPV.
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Figure 5.2 further emphasizes the sepsitivity of the
model to parameter variations at the twenty-five year point.
Por this graph the selected parameters were iadividually
varied from plus 50 percent to minus 50 percent. The NPV,
at the 25 year mark, was then plotted as a function of the
increase and decrease for each parameter. The straight
lines for operating cost, initial investment, and one time
cost further illustrate that these parameters are symmetric
about the Lkase case. The curved line for the discount rate
demonstrates the nonsymmetric nature of variation in this
parameter.

The slope of €ach line is a direct indication of the
, relative sensitivity each parameter has on NPV. The steeper
- slope for operating cost demcnstrates the greater sensi-

b tivity this parameter has when compared to variations 1in
initial investment and one time cost. This graph also
illustrates the impact of various combinations of changes.

- If operating costs were increased by 20 percent and initial
B investment increased by 10 percent the total change in NPV
§§ is -594,000 dollars (i.e., =-420,000 dollars plus -174,000
dollars).

In summation, the government cash flow is sensitive
to three factors. The most sensitive parameter, givem a 25
year life expectancy, is operating cost. Closely foilowing
operating cost, and indeed mcre significant in the first
seven years of the prcject, is initial investment. The
sensitivity of the discount rate differs from that of

A

initial investment and operating cost. Althougn not as
significant in magnitude as initial investment or operating
cost, the discount rate is both time dependent and nonsyame-
t: tric with respect to the Lase case.
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2. Semnsitjvity Apalysis, Contract Cash Flow

The upper left hand corner graph of Figure 5.3 shows
that, as was the case with the government model, cost to
operate has the most significant impact on NPV of all the
parameters. The symmetry with respect to the base case is
much more evident than for the governmeat cash flows, as
shown by the relativly uniform increase and decrease with
respect to the base rumn.

The initial investment sensitivity was handled in a
slightly different manner than in the government model. The
cash flow of the contractor is subject to both the ipnitial
cost and the rate at wnich he/she can borrow the required
capital. The upper right hand graph demonstrates the impact
that increases and decreases in the initial 1loan would
cause. The 1lower left hand graph shows the impact that
increases and decreases in the interest rate on the loan
would have. It is interesting to note that changes in
interest rate on the loan do nct effect the NPV in the same
manner as changes in the discount rate. Changes 1in the
interest rate are symgetric with respect to the Lkase case.
The reason behind this is that interest rates on the loan
are not directly inputted into the cash flow. Loan interest
rates are used to calculate an amortization payment
schedule. Thus the effect of interest rate is similar to
that cf an increase in a periodic payment such as operating
cost.

Although the variations in the discount rate are
less sensitive than in the government case overall, it has
the same behavior. Variations in this parameter show that
it is time-dependent and also nonsymmetric with respect to
the base case.

The straight lines in Figure 5.4 further demonstrate
the symmetric nature of operating cost, initial loan, and
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loan interest rates. The curved. line demonstrates the lack
of sysmetry in the discount rate.

3. Sensitivity Apalysis, Banking of Cash Flous

The first tvwc sections examined the sensitivity of
each cash flow tc variations in input parameters. However,
the decision rule is to accept the alternative with the
highest NPV as the prefered chcice. Therefore, how sensi-
tive ranking is to variations in the input parameters must
also ke examined.

Figure 5.5 shows the impact of changircg the most
sensitive parameter, operating cost, for each model. The
base case is pictured in the upper left hand graph and
illustrates that the government model is preferred at the 25
year mark. However, the contractor model is the preferred
alternative up to year thirteen of project life.* The lower
graphs demonstrate the impact that increasing and decreasing
the operating cost Lty 50 percent has omn the selection.
Although the operating cost is the mwmost significant and
sensitive parameter for both models individually, it is
insignificant in the ranking of the models. For all three
cases the crossover point is approximately thirteen years.

Figure 5.6 demonstrates the sensitivity of crossover
point as a function of the ipnitial investnment. As with
operating costs the crossover point is relatively stable.
For kcth cash flows the crossover point remains approxi-
mately thirteen years.

Figure 5.7 demonstrates the sensitivity of the NPV
nodels to discount rate. Although the discount rate is one
of the less sensitive parameters for the individual <cash
flows, it 1is the &cst significant in ranking of the two

4This assumgtzon can be misleading. In the_case of the
contractor mode payback of the loan is caiculated over a
loan cf 25 years. If the ©project is to last c¢nly thirteen

years a new cash flow Hlll have to be calculated.
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alternatives. With an increase of 50 percent, there is no
crossover point. In this case, the contractor cash flow
will always show as a better alternative than the government
cash flow. With a decrease of 50 percent in the discount
rate, the crossover point drogs to approximately nine.years
so the government cash flow is the preferred alternative.

C. HCNTE CABRLO TECHEIQUE

1. Background

The Monte-Carlo technique is a method of calculating

a distribution curve for the output of the model. The
methcd is quite simple in concept. For each input param-
eter, a distribution function is assigned. A random vari-

able is selected from the distribution function. After all
parameters have been selected, the model 1is run and the
output recorded. After the simulation is performed a histo-
gram is created that roughly describes the distribution
function of the output.

The Monte-Carlo feature 1is included in the IFPS
progran. This package does, hcwever, have on major draw-
back, in tnat the maximum number of iteration used to create
a distribution function is limited to 1000. This number is
further reduced if the economic lifetime of the project is
long or has many input parameters. With four input parame-
ters and a 25 year life cycle, the cash flows in this anal-
ysis <could be subjected to only 300 iterations before
overlcading the computer memory available.

As was the case with the base cash flow, no detailed
nistorical records were available for costs. Conseyuently
the distribution functions used are based on personal

discussions with engineers.
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2. Monte Carlo Simulation, Government Cash Flow

In the government model two parameters were consid-
ered guite sensitive: 1) operating cost and 2) initial
investment. For initial investment the density function
used is a triangular with apex at 950,000 dollars and
end points at 880,000 and 1,000,000 dollars. Figure 5.8
provides a histogram of the range of values assigned to
investment cost during the simulation.

31- 33 *
28~ 30 * *
25- 217 * %x %
22- 24 * x %X % %
19- 21 * x k k X
16- 18 *x % x ¥ %X ¥ %
13- 15 * * x % * % % %X % %
10- 12 * * % &k kX &k x k k ¥ & % ¥ *
7- 9 * % % % % % % &% ¥ % ® % % ¥ ¥ % %x % *
G- 6 * % % ¥ % % ¥ % ¥ ¥ ¥ %X & ¥ ¥ ¥ ¥ ¥ ¥ %
1= 3 % % % % % % %x % * & % *k %X % % % %X ¥ & %
891 907 923 939 955 971 987
(k dollars)
START 889C00.00
STCP 996000.00
SIZE OF INTERVAL 5350.00

Figure 5.8 Density Punction for Initial Investment
Government Cash PFlow.

The function used fcr operating cost is a norzal distribu-
tion with mean 178,000 dollars and standard deviation of
20,00C dollars. Fiqure 5.9 is a histogram of the values
assigned for operating cost during the simulation.

Figure 5.10 is the density function for NEV gener-
ated by the Monte-Carlo simulation. The distribution,
although a rough apprcximation with only 300 iterations, is
quite ncrmally distributed in appearance. Table VII are
summary statistics that support the observation of normal
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distribution appearance. Skewness is 0 and kurtosis is 2.7,
as compared to skewness of 0 and kurtosis of 3.0 for the
idealized normal distribution. The most significant factor
is the pultiplicative effect that small wvariaticn in the
input have oo the output. In this case, standard deviations
of aprroximately 20,000 dollars for both inputs resulted in
a standard deviation cf approximately 200,000 in the output.

m
)
- s PRI WO

WOHOVNND = E~NOWO
X X R X X .
[ EE X EE XX X X X R
I X X X XK X ¥ X
L E X XK & B X X X X
[ E XX E X X X X X K
A R E R R R R E R
I'E X B B XK X
I E R X B K X X B X

—— — — —— — - v W — — ——— —————— . —————— . - ————

Figure 5.9 Density Function For Operating Costs
Government Cash Flow.

3. onte Carlo Simulaticn, Contract Casa Flow

The contractor model is simulated using three inputs
1) loan amount, 2) interest on loan and 3) operating cost.
A triangular density with apex at 880,000 dollars and
endpoints at 880,000 and 1,000,000 was used to generate the
loan anmount. Figure 5.11 is a histogram of the values
selected for input. For the interest rate, a uniforao
distribution ranging from 10 to 15 perceant is used. The
nuabers generated are shown in Figure 5.12 .
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Figure 5. 10 Density Functicn for NBV
Government Cash

Fl

OoV.

TABLE VII
DISTIRIBUTION STATISTICS, GOVERNMENT CASH FLOW

JdEAN STD DEV SKEWNESS KURIOSIS

INITIAL INVESTMENT
bttt E L TR

942966 24505 -1 2.4

CCST 10 OPERATE
Rk kR Rk kK K

17€685 19805 .0 2.7

**#*##*Eg!*#*#****
127250 201610 -0 2.7

10%
CONFIDEN

FOR
941155
175222

112351

T0 90%
CE INTERVAL
MEAN

Quu7177

178149
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- 6 * & % % ¥ %X ¥ ¥ ¥ % k ¥ k¥ %k ¥ & % ¥
1= 3 % % % % %X ¥ % ¥ %X % &k *x % %X % % %X % * %
814 842 869 897 925 952 $80
(k dollars)
START 810000.00
STCP 994000.00
SIZE OF INTERVAL 9200.00

Pigure 5.11 Density Punction for Loan Amount
Contract Cash Flow.

For cost to operate a normal distribution with mean
of 178,000 dollars and a standard deviation of 20,000
dollars is used. Figure 5.13 portrays the values generated
for orerating cost, The resulting NPV values generated by
the simulation are displayed in Figure 5.14 . This gener-
ated density function is skewed to the right. Table VIII
shows the measured amounts of skewness and kurtosis. As
seen in the government cash flow case, the most noticeable
feature is the increase in standard deviation for the output
generated by relativly "small" deviations in the irnput.

69

N
N e TR
RS TP I St D




..
)
o ~
Qo (1]
X X E X KX X X X X JEte] - * o
= ™ Q
LA X X B X SR [- ] * | ™M
] o o~ o
(I Z XX XX R X X J * 2
' « -~
(E X R X XK R N QO™ [0)] * * +
(K o000 Q n [elele] L)
LE X X & Bl -NO [¥] * % |- [=lale) -
Ll [ ] ('] N v e [\ ]
L X X X B X J . & * % * QOO [+ 7]
=] QO Q
RERRN i *HNWE QO
[l . I~ Ladag)Vel e
X B A KX X X N BNl “e» LR B X X I Ne)) N [+
v~ 00 - -0 Y0
X E R R XN X X X J [] Qe (X X K X X X X J 4
- -l Py — (S ] 3 Py
[ EA X E XX X X X J Q ] =] [ X X R 2 X B J n - o
N > (o X~ | P 44 - ~Q
X XX X E B X X BN K. g -~ L E A X E XX EERE BE N, [+ ] &N
Lo Y = QS -t L Ve o
X A XXX RN K X J [ X =] = 318 I E XXX RERERE R X R K X 2N 4 [ a0 r~
Q = ] |1 © = -4
I ZE X EX R X X JRV-13) -~ (-2 ] *H®RER| O - g4
g ] b O o Q
X X KX X X R i) By o L X X B R XK B JNEN-X" e e
0, Qo i Ll ed @] & b4
(LA R XX R ¥ ~ L L LR B X J &= ol &
[ 1010 - e =TI ] na
LA R X R X X J <Oy nuo * % % % <O [~}
o e [~13) 1N - ("18]
[ Z XX X R X NN.Y Nnn [/} *% 1 121717, ] a2
L o (=] Lo
[ X X X X J . *
I E X XX R B R X » o
L o - -
I X EXE R X NN - * 1N 3
- . - 7]
» (Te}
NQDOIFNODVOIFN NOFOWONDIFOONDO @
N == v = e m NP PTMMNONNN pﬂ..
I I I I I I IO B | -] [ TN T O O I O I I o
N =N UM o AN =M AN MO - Nl
N = = g e ol XX TOIMONNN ™ L
[ 7]

.- L . e, . . L te IR LS R IR ) ottt L ST s : o
e e : XN A N .o « . R
] S . NITTARRURVER . p ST e A UARERRSRPRTRAPAS ST T Lo et fatlel e g
. o L ety e e, TR AR cuossaSYiEst S e L L SRR g S
S .o A e N . et e e - IR Vo N 1t




34- 36 * *

31- 33 * * % & %

28- 30 * x ® * %

25- 27 * * * % %

22- 24 * £ & X ¥ % ¥

19- 21 * x % ¥ ¥ % % %

16- 18 X %X % % & % % %

13- 15 £ % X X X % % % %

10- 12 £ £ %X ¥ %x X X ¥ ¥ % *
7- 9 X k X ¥ X % ¥ %X ¥ % % %k %
4- 6 _ * %k k¥ % % %k * ¥ ¥ & ¥ *x ¥ %
1= 3 % % % & % % % %k % & * % % % & % % % ¥ %

-890 -679 -468 =257 -24 16 37
(k dcllars)
T -8

STAR
SIgp
SIZE OF INTERVAL 1

Figure 5. 14 Density Puncticn for NPV
Contract Cash Flow.

TABLE VIII
DISTRIBUTION STATISTICS, CONTRBACT CASH FLOW

10% TO 90%
MEAN STD DEV SKEWNESS KURTOSIS CONFIDENCE INTERVAL
FOR MEAN
LOAN -
T RREREEEEE £ 223 33
886674 38688 .3 2.6 883815 889533
LINTEREST '
A A ko o ok ook o ok ko %k Xk
0.1254 0144 .0 1.9 <1243 . 1264
CCST TO OPERATE
2 3 3k 3k ok ok 3k 3k oKk kK Kk
178095 20728 .1 3.2 176563 179627
NPV
X EEEEPEE TR R 20
-115644 241938 -.3 3.2 -133524 -97765
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VI. CONCLUSIONS

Leasing has been justified at the Pederal Government
level as a methcd for reducing costs. The NPV model used in
this analysis has selected government operation of a child
care center facility over contract operatioan. However, the
model has a major weakness when selecting between two alter-
native cash flows. Sensitivity analysis shows that the
discount rate, not magaitude of cash flows, 1s the primary
parameter that affects the selection.

Private industry, local municipalities, and state
government have used leasing as a method to acquire
subsidies from the Federal Goverament. There is no reduc-
tion in cost if one federal agency, in this case the
Department of the Navy, transfers tax incentives to private
industry, who in turn reduces the amount of revenue for
another agency, the Department of the Treasury.

Thus the appearance of savings only results from the
lizgitations of the @odel used, rather than from real
economic gains utilizing underlying subsidies.
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